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Army Needs in Reliability, Maintenance 
and Logistics 

 Reduce operations and maintenance costs 

 Increase effectiveness of fleet logistics 

 Control lifecycle cost and also use it in design and 

procurement 

 Improve availability; schedule maintenance 

 Use both analytical and experimental / field data to 

estimate reliability 
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Background 
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Research Statement 

Develop methodologies to obtain a preventive               

maintenance schedule and to assess and improve the  

reliability / durability of vehicle systems using               

Previously and 

currently at 

TARDEC 

• Experimental (field) data  

• “Expert” opinion 

• Predictive tools (physics-of-failure data) 

Current research 
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Overview 

Optimal preventive maintenance schedule 

 using time-dependent reliability and lifecycle cost 

 

 

Accelerated testing method based on 

 importance sampling using few tests which run for 

 only a short time 

Part 1: 

Part 2: 
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Part 1: Optimal Preventive 

Maintenance Schedule 
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What is Reliability? 
Cumulative Probability of Failure 

Cumulative 

Prob. of Failure 
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 Reliability at time t is the probability that the system 

has not failed before time t. 

 Maximum Response Method 

 Niching GA & Lazy Learning Local Metamodeling 

 MCS / Importance sampling 
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Lifecycle Cost = Production Cost 

                           + Inspection Cost 

             + Expected Variable Cost 

Quality Time-Dependent System Reliability 

Definition of Lifecycle Cost 
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Time for 

Maintenance 
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 Estimation of Time for Preventive Maintenance 
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A Roller Clutch Example 
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Constraints: 

Contact angle 06.011.0  rad 

Hoop stress MPah 400

Torque 3000 Nm 

Due to degradation: 

 kt 1DD
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Random Variables: D, d, A 
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Roller Clutch: Reliability vs Time-to-

Maintenance 
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Roller Clutch: Pareto Optimality 

between Time-to-Maintenance and Cost 
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Roller Clutch: Pareto Optimality 

between Time-to-Maintenance and Cost 

Side Constraints: 

4973.550973.55  D 06.2366.22  D 89.10149.101  A

08.004.0  D 1.003.0  d 113.007.0  A

Design Variables: 

 AdD   , ,Xμ  AdD   , ,X
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Part 2: Accelerated Testing 

using Importance 

Sampling 
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Problem Description 

Vehicle speed : 20 mph;  Mission distance : 100 miles 
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A novel MC-based method to calculate the time-

dependent reliability (cumulative probability of 

failure) based on : 

  short-duration data and an exponential 

extrapolation using MCS or Importance 

Sampling (Infant Mortality) 

  Poisson’s assumption (Useful Life) 

Our Approach 
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Poisson Assumption 

1))(1(1),( minmin

mic

T etFttF




 
    






 






 0,,0,,
lim

0,0

tgtgP
t

XdXd

Out-crossing rate 

      minmin1

min

, ttdttttNEm m

t

t

 
 

Number of out-crossings 

where : 



21 

ARC 

5/24/2011 UNCLASSIFIED 

Quarter-Car Model on Stochastic Terrain 
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Random Input Process: Experimental Stochastic 

Terrain from Yuma Proving Grounds. 
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Quarter-Car Model: Road  
Input Random Process Characterization 

AR(3) model was identified based on: 
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Principle of Importance Sampling: 
Random Variable Case 

Feasible Region 
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Importance Sampling for Random Process 

Instantaneous Conditional Probability of Failure: 
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Importance Sampling for Random Process 
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Importance Sampling for Random Process 
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Estimation of Safe Sample Functions 
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Importance Sampling for Random Process 
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Quarter-Car Example  
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Threshold = 2 g  Threshold = 2.65 g 
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MCS 

0

Poisson’s Assumption 
tint 

Observations / Practical Issues 

  Analytical methods can be used under the Poisson’s 

assumption 

  IS at initial time may need a few thousand output sample 

functions 
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Ongoing Work Plan 

 Improve the current accelerated testing method based on 

importance sampling so that only 5-10 tests are needed (Q3) 

Characterize the “inflated” output random process in 

importance sampling using “generalized” Kriging and 

MLE and/or time series 

 

Demonstrate the accelerated testing methodology using the 

N-post (or 4-post) Reconfigurable Road Simulator of the 

Physical Simulation Laboratory at TARDEC (Q3 and Q4) 
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TARDEC N-post Reconfigurable Road 

 Simulator 
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Q & A 

Thanks for your 

attention ! 

**Disclaimer:  Reference herein to any specific commercial company, product, process, or service by trade name, trademark, 

manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favoring by the 

United States Government or the Department of the Army (DoA).  The opinions of the authors expressed herein do not 

necessarily state or reflect those of the United States Government or the DoA, and shall not be used for advertising or product 

endorsement purposes.** 


